Designing clinical AAC tablet applications with adults who have mild intellectual disabilities by Gibson, Ryan Colin et al.
Designing Clinical AAC Tablet Applications with Adults 
who have Mild Intellectual Disabilities 
Ryan Colin Gibson 
Uni. of Strathclyde 
Glasgow, UK 
ryan.gibson@strath.ac.uk 
Mark D. Dunlop 
Uni. of Strathclyde 
Glasgow, UK 
mark.dunlop@strath.ac.uk 
Matt-Mouley Bouamrane 
Uni. of Edinburgh 
Edinburgh, UK 
Matt.Bouamrane@ed.ac.uk 
Revathy Nayar 
Uni. of Strathclyde 
Glasgow, UK 
revathy.nayar@strath.ac.uk 
 
ABSTRACT 
Patients with mild intellectual disabilities (ID) face 
significant communication barriers within primary care 
services.  This has a detrimental effect on the quality of 
treatment being provided, meaning the consultation process 
could benefit from augmentative and alternative 
communication (AAC) technologies.  However, little 
research has been conducted in this area beyond that of 
paper-based aids. We address this by extracting design 
requirements for a clinical AAC tablet application from 
n=10 adults with mild ID.  Our results show that such 
technologies can promote communication between general 
practitioners (GPs) and patients with mild ID by extracting 
symptoms in advance of the consultation via an accessible 
questionnaire. These symptoms act as a referent and assist 
in raising the awareness of conditions commonly 
overlooked by GPs.  Furthermore, the application can 
support people with ID in identifying and accessing 
healthcare services.  Finally, the participants identified 6 
key factors that affect the clarity of medical images. 
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• Human-centered computing ~ Accessibility 
technologies   • Human-centered computing ~ User 
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INTRODUCTION 
Medical professionals are increasingly overworked [1, 2], 
which impacts their ability to seek out further training 
opportunities to enhance their skillset.  This is problematic 
in the context of healthcare for people with intellectual 
disabilities (IDs), since medical schools often deliver highly 
variable and somewhat limited content regarding this 
population [3].  As a result, practitioners are apprehensive 
about their ability to treat patients with ID and are unaware 
of their specific health and communication needs [4].   
This has a negative impact on both the length and quality of 
life of such patients.  For example, a 2013 inquiry into the 
premature deaths of people with ID concluded that circa 
50% of the 247 cases examined were avoidable, with 27.5% 
of these directly attributable to better quality health care [5]. 
Furthermore, each patient suffered from an average of five 
long-term / treatable conditions at their time of death, many 
of which are straightforward to diagnose and cure e.g. 
constipation was found in 37% of these cases. 
Communication has been identified as a significant barrier 
to accessing effective health services for people with ID. 
[5–9]. Yet despite its importance in providing optimal care 
[10], medical professionals often find it difficult to adjust 
their consultation styles to cater to the complex needs of 
patients with ID [4, 8, 9].  Given the intense workload 
pressures previously described [1, 2], General Practitioners 
(GPs) are unable to invest the time required to increase their 
knowledge in this area.  Digital technologies therefore 
become an important resource for supporting effective 
communication between GPs and the ID population. 
However, their use in this context remains vastly under-
researched in comparison to other domains such as [11–13]. 
We address this gap by investigating the implementation of 
tablet applications to promote communication between 
patients with mild ID and GPs.  This was approached from 
the perspective of patients since their crucial views have 
been omitted in other studies [14–16].  Three user-centered 
design workshops (UCD), involving ten adults with mild 
ID, were conducted to decipher the participants 
requirements for the proposed tablet application, along with 
their current use of alternative and augmentative 
communication (AAC) technologies.  Such technologies are 
used to enhance an individual with disabilities capacity to 
communicate by offering those who cannot speak a 
platform to convey their needs (alternative), or by 
supplementing the vocabulary of those who can 
(augmentative) [17].   The results obtained enabled us to 
answer the following two research questions: 
RQ1: What range of technologies are patients with mild ID 
using to assist them in communicating with GPs?  
RQ2: What do patients with mild ID require from a tablet 
application to support them in communicating with a GP? 
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We therefore contribute to the field of HCI by establishing 
a set of design requirements to assist in the future 
development of clinical AAC applications for adults with 
mild ID.  In addition, we provide guidance on the use of 
mobile technologies to improve healthcare services for 
people with communication impairments, by building on 
the findings of [12–15, 18]. 
BACKGROUND 
In this work, we consider ID using the World Health 
Organization (WHO) definition [19]: “[they have] a 
significantly reduced ability to understand new or complex 
information and to learn and apply new skills (impaired 
intelligence). This results in a reduced ability to cope 
independently (impaired social functioning), and begins 
before adulthood, with a lasting effect on development.”  
The severity of an individual’s ID can range from mild to 
severe.  People with mild ID can generally conduct 
everyday tasks without support but tend to struggle with 
those that are unfamiliar or more complex.  Consequently, 
we believe this population could benefit significantly from 
a clinical AAC application, since such technologies can 
augment their vocabulary and language skills whilst they 
are interacting with a GP.  This view is also supported by 
the medical professionals, support workers and academics 
included in the literature by Gibson et al. [14–16] 
Non-Digital Communication Aids 
Paper-based AAC resources are a common form of support 
utilized by people with ID.  As such, several of these have 
been adapted for use within the clinical domain.   
Patient Passports 
Patient passports [20] encapsulates an individual’s personal 
profile (e.g. their environmental, medical or communication 
needs) to support practitioners in providing patient-centered 
care.  Nevertheless, to be used effectively, medical 
professionals must possess the skills required to meet the 
complex needs of a patient.  In addition, Northway et al. 
[11] found that the availability of passports, and the content 
included within them, varied widely across health centers.  
Consequently, their overall benefit is reduced as there is no 
guarantee that the information provided will be utilized 
effectively by staff, or whether the same passport can be 
used throughout the healthcare system. 
Talking Mats™  
Talking Mats™ [21] is a resource utilized by people with 
communication impairments to discuss difficult subjects in 
greater depth.  The user provides their opinion by placing 
images (relating to options) under the relevant section of a 
visual scaled embedded within a textured mat.  Bell and 
Cameron [22] used the Talking Mats™ framework to 
determine the mental health status of a patient with mild ID. 
This enabled the patient to supply their views whilst 
avoiding the social pressures that may arise when directly 
interacting with a health professional [22]. Consequently, 
the quality of the information provided increased, which led 
to a successful diagnosis being carried out.  However, the 
framework requires a large amount of modification for use 
within different contexts, due to its reliance on images.  
Digital Communication Aids 
The use of digital communication aids to support patients 
with ID in other areas of the healthcare system has also 
been investigated extensively. 
Dentistry 
Menzies et al. [18] developed a computer-based tool to 
support patients who have ID in communicating with dental 
practitioners.  They found that the aid could improve 
consultations in three main ways: (1) presenting images and 
videos of dental procedures prior to the appointment, to 
increase the patient’s understanding of what may occur; (2) 
providing staff with access to the patient’s personal 
preferences to assist in building a rapport with the 
individual; and (3) presenting information in the format 
most appropriate to the patient’s needs. 
Secondary Care 
Prior et al. [12, 13] also placed emphasis on the use of 
patient passports when developing an extended, digital 
version for secondary care services.  Their system is 
centered on customization to ensure it is appropriate to the 
patient’s clinical and accessibility needs. As such, the 
patient may select from a variety of input methods and is 
only required to answer a subset of the questionnaire, based 
on aspects such as their age and gender. 3 image sets were 
also implemented to increase the user’s comprehension of 
the question being asked, along with the ability to switch 
between these sets at any time [13].  This system therefore 
provides several advantages over the paper-based resource 
since it prioritizes certain aspects of an individual’s care 
and stores the emerging results in a centralized location.  
Mental Health 
In the work most similar to our own, Boström and Eriksson 
explored the use of tablet technologies to support children 
with ID in self-reporting their psychological health [23].  
They employed user-centered design techniques to develop 
a 43-question survey across five topics of an individual’s 
mental health.  A quantitative study was used to measure 
the accessibility of this questionnaire, with 109 of the 113 
participants involved able to answer all questions without 
support and with limited signs of response bias [24].   
Finally, to ensure the results of the questionnaire matched 
the views of the user, a mixed methods study was carried 
out with ten children who have mild ID [25].  Boström and 
Broberg found a good level of agreement between these 
results and the views provided by the participants during a 
series of semi-structured interviews.  Nevertheless, some of 
the more negative experiences described were not picked up 
by the questionnaire, and this was attributed to such aspects 
being omitted from the app [25]. 
Boström et al’s work [23–25] indicates that a digital 
questionnaire can be an accessible resource for extracting 
reliable data from people with ID.  This data may then be 
used to open up a discussion on how the patient is feeling 
and ultimately lead to medical professionals carrying out 
better informed care decisions [24].  As such, there is ample 
opportunity to explore how these technologies may be 
employed within primary care, since the aforementioned 
paper-based aids [11, 20–22] have several limitations.  
METHODOLOGY 
To ensure the proposed tablet application is developed 
systematically, we have employed the Medical Research 
Council’s framework for complex interventions [26].  The 
study presented in this paper adheres to the “Development” 
phase since its focus is on establishing how the application 
can fit into and improve current practice. Determining 
whether improvements have been achieved at multiple 
stages throughout a project is well-suited to highly 
heterogeneous populations, as it may be initially difficult to 
gather requirements from such stakeholders.  In addition, 
the framework is widely accepted throughout the medical 
domain.  Therefore, developing the app using this approach 
increases the likelihood that it is usable by people with mild 
ID and is embedded within current practice. 
How the app can improve primary care consultations was 
established by extracting design requirements from ten 
adults with mild ID across three UCD design workshops.  
The design tasks implemented are described in the 
“Procedure” subsection and aimed to address three aspects 
deemed crucial to the implementation of AAC 
technologies: (1) their overall functionality  (2) the layout 
and design of each screen; and (3) images that capture the 
options presented, since people with ID have difficulty 
understanding complex concepts and have lower literacy 
skills than the general population [12–16, 18, 27–30].   
UCD Workshops - Participants 
Four ID charities throughout Scotland were contacted via 
email and telephone to assist in identifying participants who 
adhered to the inclusion criteria for the study.  These 
criteria were comprised of: adults aged between 18 and 60 
(to reduce the presence of age relate cognitive diseases) 
who have mild ID only; individuals who can communicate 
via speech (including with the use of AAC devices) and can 
understand verbal partners; and those with the visual 
capabilities to process images.  
Based on the recommendations of the experts involved in 
[16], the charities were asked to recruit between 4 and 6 
participants per workshop.  Easy read information sheets 
were then disseminated to potential candidates to enable 
them to gain an understanding of what the workshop 
entails, with an in-depth version being sent to their 
caregiver to promote discussion.  Potential participants 
were invited to take part if they could demonstrate their 
ability to provide informed consent, by answering the six 
questions proposed by Horner-Johnson & Bailey [31].  
Participant ID Gender Age 
1.1, 1.2 F, M 41, 29 
2.1 to 2.5 M, M, F, F, M - 
3.1, to 3.3 F, F, M 28, 29 
Table 1. A description of the participants demographics. 
Three UCD workshops were carried out between the 
months of August 2018 and July 2019 in the cities of 
Glasgow and Edinburgh.  Four individuals consented to 
take part in workshop one; however, two dropped out 
unexpectedly on the day. Five participated in workshop 
two, with a further one dropping out and three took part in 
workshop three (see table 1 for demographics).  Each had 
an unspecified range of disability that adhered to WHO’s 
definition of mild ID.  Further information regarding their 
etiologies was not collected as we felt it was inappropriate 
to ask the participants about the nature of their disability.  
The final n size therefore adhered to the recommendations 
of Doyle to gain a diversity of views that lead towards 
saturation [32]. One charity facilitator was present during 
each workshop to assist the lead author in solving any 
challenges that arose.  
UCD Workshops – Procedure 
Before each workshop commenced, the participants were 
briefed on the structure of the study and had any concerns 
addressed by the lead author.  They were then required to 
sign an easy read consent form, before engaging in an ice-
breaker session to help them feel at ease with their peers. 
The four tasks shown in Figure 1, were then presented for 
completion, with these tasks previously being adjusted 
(with the help of experts in ID) to cater to the accessibility 
needs of the participants [16]. 
 
Figure 1. The tasks completed by participants with mild ID. 
Task one consisted of a focus group to explore the 
participants experiences with primary care and determine 
how technology can support them within this environment. 
The questions presented were developed using accessible 
language guidelines and were primarily open-ended to 
promote discussion.  The topics centered on 4 main themes: 
preparing for consultations; positive and negative 
communication encounters with GPs; their use of AAC 
devices; and how technology can improve consultations. 
Additionally, the key concepts discussed were captured in 
real-time via the use of sticky notes (like [33]), and 
subsequently presented in full view of the group.  This 
enabled them to challenge any misconceptions made by the 
lead investigator and assisted in overcoming short-term 
memory impairments. 
During task two, the participants were required to develop 
two images boards [33] that captured their opinions on the 
clarity of medical images. Each individual first critiqued a 
set of pictures before separating them into two categories: 
those that accurately represent the symptom conveyed; and 
those whose meaning is more obscure. A group discussion 
then occurred on why some images were clearer than 
others, before being placed on the appropriate board. All 
images were accompanied by a short textual description to 
ensure the participants knew what it was trying to depict. 
Task three involved developing a paper prototype to 
establish the patient’s views on how the proposed 
application should function. They were required to place 
mock-up objects onto a paper representation of a tablet and 
position them according to their needs.  These objects 
included general usability features, such as skip buttons, as 
well as those more specific to the proposed application.  
Blank objects were also included to allow participants to 
incorporate elements unforeseen by the authors.   
In task four, the participants were required to evaluate a 
digital prototype of the application, developed using 
guidelines disseminated by experts in ID. [14, 15]   This 
enabled us to discern requirements that had not been 
identified during task three  (without initially biasing the 
participants views), since there is evidence to suggest that 
people with ID become more engaged when interacting 
with digital prototypes [34]. They had to select various 
symptoms using the application (without assistance) and 
any areas of uncertainty were noted.  Once completed, the 
lead investigator prompted for an explanation of the 
participants thoughts during their uncertainty, as well as the 
areas of the application they liked and disliked.   
Comfort breaks were administered between each task, with 
the participants being reminded of their right to withdraw 
during this time frame.  Each workshop lasted 
approximately 3 hours, at which point the participants were 
debriefed on the initial results obtained and reimbursed for 
the travel expenses they had incurred.  They also received a 
£5 lunch voucher for their participation.  All studies were 
conducted under ethical approval from the Department of 
Computer and Information Sciences ethics committee, 
University of Strathclyde (ID: 915). 
UCD Workshops – Analysis 
Tasks one to four were audio recorded with participant 
consent and transcribed verbatim by the lead investigator to 
familiarize themselves with the data. Task one was then 
subjected to a framework analysis [35], with an initial 
thematic framework being developed by the first author 
using the concepts captured within the aforementioned 
sticky notes. This framework was used to tag the 
transcripts, with additional codes being developed where 
necessary.  Author four subsequently reviewed the tagged 
transcripts and any discrepancies were resolved, at which 
point similar codes were grouped together to form themes.  
Consequently, a structured summary of the barriers faced 
by the participants within the clinical context, as well as the 
strategies used to mitigate these barriers, was produced.  
Task four underwent a similar analysis process except that 
the initial framework was developed by the lead author 
during the familiarization stage.  This enabled us to gauge 
aspects of the prototype that were accessible to adults with 
mild ID, as well as those that may hinder the 
communication process.  
During task two, the participants were required to group 
logically related images together whilst forming the 
(un)clear boards.  For example, images that depicted the 
wrong facial expressions were placed in a similar area on 
the unclear board. The groupings that emerged were then 
tagged using phrases suggested by the participants and 
subsequently combined to form overarching themes. These 
themes enabled us to provide guidance on the development 
of medical images for people with mild ID. 
During task three, the lead investigator proceeded to tag 
each distinct feature produced by the participants. These 
features were then transferred to a spreadsheet, which 
included a column detailing the number of workshops in 
which they were discussed. As such, we were able to sort it 
by the frequency column, thus giving developers an idea of 
the requirements prioritized by adults with mild ID.   
RESULTS 
We will now discuss the primary results that emerged 
across the four tasks. The requirements in which these 
results translated to may be found in Tables 2 and 3. 
Task One – Focus Group 
Throughout the focus groups the participants discussed 
several barriers they face when attempting to access 
effective healthcare services.  In addition, they introduced 
the various technical and non-technical strategies used to 
mitigate such barriers.  
Access to Healthcare Services 
The participants experience with primary care practices 
varied widely. For example, Participant (P) 2.1 had only 
attended in recent months to undergo their yearly ID health 
check, whilst others had made regular appointments to 
manage chronic conditions or mental illnesses (Ps 1.2, 2.1, 
2.3, 3.2 & 3.3).  Despite this range, all reported 
experiencing barriers when accessing services from their 
GP, the most prevalent of which was the availability of 
appointments.  P2.3 revealed that it can take up to 3 weeks 
to arrange a consultation within her practice, leading to 
detrimental effects on both their mental health and ailment: 
“For a normal appointment you’ve got to know three weeks 
in advance what you’ve got… if there’s not an appointment 
for 3 weeks you could be worrying unnecessarily till you 
find out whether it’s something serious or whatever.” 
This waiting period is prolonged even further if the patient 
requests to be treated by their preferred GP within their 
practice – see section “Practicing GP.” Nevertheless, due to 
the seriousness of their condition, Ps 1.1 to 2.3 have had to 
settle for treatment by doctors they are unfamiliar with.  
This has led to P1.1 falsely claiming that their condition is 
an emergency to ensure they receive a timely appointment 
with their favored practitioner.  
The participants also reported a large variance in the 
organizational procedures used to disseminate information 
and book appointments. Furthermore, these procedures 
were often static, with employees unable to adjust the 
methods used to meet the needs of a patient with ID, as 
described by P3.3: “I got my [diabetes] diagnosis over the 
phone which more or less just didn’t work. There was no 
face to face sort of contact, and it ended up me just 
basically ignoring my diabetes for quite a few years. There 
wasn’t really much in the way of clear communication.” 
Finally, the participants also indicated that they were not 
always aware of their need to see a doctor and instead rely 
on family members to facilitate this process.  Nevertheless, 
they often withhold crucial information regarding their 
health, as they do not want to overburden their loved ones: 
P1.2:“My family do a lot of caring work, so to give them 
information that I’m not well then I’m probably going to 
feel a little bit over[whelmed]..A family member says “right 
you need a doctor” and that’s about it [for preparation].” 
Practicing GP 
The participants had conflicting views regarding the quality 
of care received from their GP, which often leads to them 
dealing exclusively with certain doctors. Their complaints 
largely centered on the lack of adjustments being made by a 
medical professional to accommodate their specific needs.    
Terminology was a major factor in this, with the GP 
regularly employing complex terms, or language 
inappropriate to the patient’s level of ID: P3.2: “Because I 
speak so well doctors think that I understand more than 
what I do…and I’m like “what? Can you simplify that?”” 
P2.3: “If they see the word learning difficulty, they just 
think that’s it, obviously they’ve got the mental capacity of 
a two-and-a-half-year-old so I’ll just talk to her like that 
when there is different levels.” 
Furthermore, the participants felt that some medical 
professionals lacked empathy towards their situations.  This 
meant that an insufficient amount of time and effort was 
expended on diagnosing the health complaints made, which 
may ultimately lead to dire consequences: P2.3: “I just felt 
that they weren’t interested. They were running late, and 
they were just wanting me in and out the door. They weren’t 
interested in sort of me or what was wrong with me.  Which 
luckily, if I was somebody that didn’t have kids that was on 
the brink, that could have serious repercussions” 
In contrast, the positive experiences discussed by the 
participants centered on their preferred GPs ability to meet 
their complex needs.  Language was also a major part of 
this, with the medical professional being aware of the best 
way to communicate with the patient, whilst breaking 
complex concepts into simpler terms: P1.2: “They don’t 
use the complicated language or if they do they then say it 
in simpler terms for you as well.” P2.3: “He sort of asked 
loads of questions but, like, it was simple short questions, it 
wasn’t a case of big long winded [sentences].” 
Being treated by the same doctor also helped the 
participants to establish a relationship with a figure who is 
often seen as authoritative.  This assists in easing anxiety 
issues and in turn enables the patient to be more open about 
their health conditions.  Additionally, people with ID are 
more prone to developing a vast range of diseases than the 
general population [5]. As such, their medical histories can 
become complex meaning it may be difficult for GPs 
unfamiliar with the patient to perform a correct diagnosis. 
P2.5: “If you get to use the same doctor, you get friendly 
with them and they get friendly with you, so you are able to 
speak to them more.” P3.2: “I can go to the GP without my 
mum because she knows me that well. I’ve got the 
confidence to not go with support…I try and see the same 
doctor for anxiety reasons but also for the doctor’s sake 
cause my history is so complicated.” 
Time 
The amount of time afforded for appointments was also 
reported to be a major barrier that effects the quality of 
consultations.  Less than half of the participants (P2.3, 3.1, 
3.2 & 3.3) would adequately prepare for an upcoming 
consultation and those who would, found it difficult to 
cover all aspects they wished to: P3.1: “Sometimes I have 
questions, but the problem is you don’t get very long in the 
GP…You try to get all those questions [answered] in the 
ten minutes, it’s quite a struggle.” 
In addition, the participants believe that time constraints 
prevent medical professionals from thoroughly exploring all 
routes leading to the cause of a symptom, including 
familiarizing themselves with the patient’s history: P2.4: 
“You go in and you talk about what you want and then they 
get up and open the door and you’re just told that’s it, it’s 
time to leave”P1.2: “They just don’t have time to read your 
record. They go in and they say, “well what’s wrong with 
you” [participant] “Oh I’ve got….” [doctor] “oh we’ll 
give you Co-dydramol.”” 
Consequently, patients with ID could benefit from double 
appointments. Yet when probed on this, only P3.2 revealed 
that they regularly use such an option, with the rest unaware 
of their right to do so.  This suggests that practices are not 
adhering to international guidelines on consultation length 
e.g. [36]; nevertheless, there were some GPs willing to 
overextend on appointments to ensure their patients had all 
concerns addressed: P1.2: “If I’m having trouble with my 
diabetes then the doctor that I go to see in the practice, he 
makes time.  He’ll deliberately go behind his schedule so 
that he can make sure that everything is back okay and, you 
know, figure out why I’m having trouble with my diabetes.” 
Support 
Surprisingly, the majority of participants reported that they 
attend GP appointments with support workers, despite 
previously indicating they value their privacy.  This may 
suggest that their willingness to share personal issues with 
paid caregivers differs from that of their family members to 
limit the amount of stress placed on loved ones. The 
primary responsibility of the caregiver was to act as an 
intermediary between the patient and GP to ensure the 
stakeholders understood what was being communicated.  
This was particularly true during appointments of a 
complex nature. P2.3: As soon as they found out I had 
learning difficulties and I started taking my support worker 
they explained more to my support worker. So even if I 
didn’t get it then and there, when I went away, she’s going 
to explain it in a way I would understand.  
In contrast, P2.4 and P3.2 reported having negative 
experiences, as they felt their own views had less value in 
comparison to the caregivers. P3.2: [When my] mums tried 
to support me it’s like “well have you asked this or what 
can we do for this” and I’m like just sitting listening.  If I’m 
on my own I will have the guts to sort of say “what’s this or 
why are we doing this or would this be helpful,” like I will 
ask the questions. I think my mum sort of has the best 
intentions but she kind of overrules a little bit.  Finally, P2.2 
requires support during consultations but cutbacks in 
funding meant this was not feasible.   
Technological Aids 
The participants reported a high usage of memory aids (pen 
and paper) to support them in recalling facts that require 
further scrutiny out with the consultation. Strikingly, this 
contrasted with their use of AAC technologies, with only 
P3.2 having utilized a form of patient passports in the past.   
Nevertheless, all participants felt that a digital aid could 
assist both themselves and patients with other/more severe 
disabilities to better prepare for a consultation, thus 
enabling them to communicate effectively with GPs:  P1.2: 
“It [the app] should gather symptoms and then send them 
to the GP.  [Because] for us with mild learning disabilities, 
sometimes we find it difficult to describe symptoms. 
Thinking about physical disabilities it’s also a good idea 
because with a tablet it [would] quite literally be a case of 
boom into the doctors, right this is what it is…right that’s a 
chest infection, here’s some antibiotics.” 
One major barrier to the adoption of such aids, however, is 
this populations familiarity with tablets, since just five of 
the participants own or use a tablet on a regular basis. On 
the other hand, all had access to a smartphone with P3.3 
stating that these devices are more accessible, in terms of 
availability, than tablets. 
Task two – Image Boards 
Previous literature has shown the importance effective 
imagery has on the use of AAC devices by people with ID 
e.g. [13–15, 18].  Nevertheless, there has been little 
exploration into the factors that ensure medical images are 
identifiable to this population. Consequently, the 
participants were required to evaluate three image sets – 
real-life photographs, simplistic black and white drawings 
and colored cartoons – and subsequently form two image 
boards based on the artefacts’ clarity.  The key elements 
that influenced their selections will now be discussed.  
Facial Expressions 
The emotions expressed by an individual had a significant 
impact on the clarity of an image.  For example, two of the 
three workshops originally concluded that the man in Fig 
2.1 could not be experiencing pain since his facial 
expressions alluded more to happiness. Moreover, the 
participants in workshop two were unable to associate the 
emotion of sadness with the image shown in Fig. 2.2: 
P2.4“I think he was in a dream or something. P2.3: “He 
looks like he’s playing with his tablet…I think I’d like tears, 
like maybe one of those things with like tears or 
something.”  P2.3 suggested that the inclusion of tears 
would improve this image’s clarity since it may 
demonstrate that the person has been crying.  Consequently, 
these views may imply that it is more appropriate to capture 
the extremity of an emotion to ensure it is understood by 
the ID population as intended.  
Body Position 
There were multiple instances in which the position of the 
body was considered the most important aspect of an 
image.  P1.2 was generally able to grasp the meaning of 
Fig. 2.1. However, they questioned the location of the 
character’s head since he associated the action of looking 
up with being in pain. Furthermore, the participants in 
workshop two failed to agree upon the clarity of the image 
displayed in Fig. 2.3: P2.1: “He’s sort of dozing off there 
he can’t keep his eyes open. P2.5: “No, he’s standing up.”  
P2.3: You couldn’t sleep standing up. It’s a weird one.” 
Despite the facial expression and presence of “z’s” making 
the image clear to other participants, P2.3 and 2.4 could not 
see past the character standing up.  Consequently, they were 
more inclined to select images that depicted the character 
lying in bed - an action they found more natural for this 
scenario.  Finally, P2.3 and P2.4 were able to recognize that 
the woman in Fig. 2.4 was in distress but felt that the area 
of pain was emanating from her cheek due to the position of 
her hand.  As such, designers must ensure that their images 
naturally capture the body language experienced by an 
individual suffering from the condition displayed.   
Color 
Color was shown to both affect the clarity of an image and 
differentiate between similar types of pain.  For example, 
P3.2, who is short sighted, failed to identify that the man in 
Fig. 2.5 was sitting in a restroom: P3.2: “I had to really 
look closely to see because he’s wearing a white outfit on a 
white toilet so I couldn’t even identify the loo. I was 
thinking more headache because he’s holding his head.”  
This image may therefore have benefited from the use of 
contrasting colors to enable people with visual impairments 
to recognize its finer details.   
P1.2 also raised this point and stated that the black and 
white pictures are appropriate for those who are color blind 
but may be less aesthetically pleasing for those with normal 
vision.  Additionally, the participants preferred using color 
(as opposed to other methods such as Fig. 2.6) to indicate 
the area and intensity of pain, like that shown in Fig. 2.7. In 
general, they found warm colors such as red or peach to 
indicate more intense pains with cooler colors such as green 
and blue representing a numb or tingling feeling. 
Lifelike 
The participants routinely found the real-life photographs to 
be clear, as they reminded them of conditions they had 
previously experienced.  This was due to the amount of 
detail that may be conveyed: P1.2: “It says what it needs to 
say but to me the one that we’ve picked over there said it 
more…Sometimes actually seeing the physical side of it and 
the emotional side of it does work better than the drawing.” 
Moreover, the participants felt that even less detail could be 
captured by the black and white drawings.  For example, in 
Fig. 2.8 they found it difficult to establish whether the 
woman’s eyes were open.  As a result, P1.2 explained that 
the black and white image sets may be more appropriate for 
users with severe ID but are too simplistic for their own 
abilities.  This was also true for those drawings that 
captured the outline of a body (Fig. 2.9) since no 
distinguishable features were included.  
Graphic 
During each of the workshops, the participants found at 
least one image to be too graphic to include in the app. P3.2 
suggested that color drawings should be used to capture 
these concepts as they are less realistic and may be altered 
to obscure the graphic nature of a condition: “I think that is 
a little bit too real looking. Whereas the other one [colored 
drawing of someone being sick] that’s like a green color, 
it’s a little bit of a distraction.” 
Personalization 
The final concept discussed by the participants in relation to 
the images reviewed was personalization.  There were 
multiple instances in which a participant hesitated to 
declare that an image was clear since the traits of the 
character displayed were completely different to their own.  
This included both gender (Fig. 2.1) and age (Fig. 2.10): 
P2.5: “I prefer this one cause that’s just showing you male 
and that one’s showing both.” P1.1: “I liked the picture, 
but I didn’t pick that one cause it just says that old people 
are deaf whereas young people can [also] be deaf.” 
In addition, images may have multiple meanings based on 
the communication system the user is familiar with: P1.2: 
“People with more severe learning disability who are used 
to PECS [37] will pick out things like the person with the 
lines round him is cold, the person with the arrows is dizzy. 
They’ll pick that out because that’s what they’re used to.” 
Consequently, this suggests that AAC technologies must 
provide the functionality to support users in switching 
between multiple image sets based on their own needs. 
Task Three – Paper Prototypes 
During the development of the paper prototypes, the 
participants identified a plethora of design requirements to 
be embedded in clinical AAC tablet applications. These are 
summarized in Table 2 and generally fit into four themes.  
Pre Health Questionnaire 
In advance of providing medical information, the 
participants requested two features to assist them in 
attending the consultation. Ps 2.3 to 2.5 revealed that they 
had issues remembering the exact details of an upcoming 
appointment and could therefore benefit from a screen that 
displays this information P2.5: “A reminder about your 
doctor, when you’ve got to go. Cause quite a lot of people, 
they do forget about their appointments. Now if they have 
something there to remind them about it [that would be 
helpful].”  The time and location of the appointment, along 
with the practicing GP were considered to be the most 
important aspects within this process.  
During workshop three, the participants also discussed the 
difficulties they have in both contacting and accessing 
appropriate services: P3.2: “If you put in like your post 
code that way it can identify [your] closest GP. Near me 
I’ve got 3 different GPs, so it can direct you to the [details 
of the] nearest one.  You could have sort of like the top 5 
[services] dentist, mental health, hospital, A&E, and 
GP…A lot of us do need public transport because I can’t 
get to <anon> easily.  Maybe a little corner bit on that 
 
 
Figure 2: A subset of images critiqued by the participants during Task 2. 
front page to say “here’s the link to these forms of 
transport.”” 
Hence, the app could enable them to identify the most 
appropriate local service to treat their current condition, 
ranging from dentistry’s to accident and emergencies.  In 
addition, P3.2 felt that it was paramount to provide public 
transport links for these services thus breaking their reliance 
on caregivers to gain access to the healthcare system.  
Health Questionnaire 
All participants agreed that the most effective way to 
improve communication with a GP was to supply them with 
a list of pre-selected symptoms. This should be achieved via 
an accessible questionnaire whose structure follows a 
hierarchical route.  First, a body part causing the user 
distress, or the primary symptom of a common condition, 
should be identified.  Further options related to that 
selection should then be explored: P3.2: “Maybe you had 
something that said like different parts of your body. So 
head, chest, arms, legs, you have the headings like that and 
[then] you go into the subheadings for like symptoms.” 
P3.2 suggested that the body parts and primary symptoms 
(e.g. weight loss) could be displayed in a color coordinated, 
textual list. Nevertheless, this may be inappropriate for 
those who are illiterate or require more visual methods of 
displaying information. As such, the three workshops 
suggested an alternative approach by first presenting an 
image of the body to enable the user to tap on the area 
causing them pain. The app would then move on to 
displaying sub-symptoms in an accessible format (see 
“Interaction Modalities”) or if the person was not in pain 
display the primary symptoms described previously.  A 
potential model to achieve this questionnaire structure is 
discussed in [38]. 
Post Health Questionnaire 
Once the questionnaire is complete, the participants 
requested that the results be displayed in a single screen 
using the modalities discussed in the next sub-section. As 
such, the stakeholders involved in the consultation may 
refer to this information when elaborating on their views. 
To facilitate this process, a save and review feature must be 
implemented, as well as an option to print the results. 
Interaction Modalities 
All participants discussed the need to capture the 
information displayed via three modalities.  The first, 
accessible language, entails describing the symptoms and 
questions in the simplest terms possible. This includes 
avoiding medical jargon where appropriate; however, such 
a strategy may not be suitable for patients with visual 
problems or insufficient literacy skills. Consequently, the 
option to highlight and play back excerpts must be provided 
as described by P1.2: “This [audio] button would [first] 
say [the question] “are you in pain” and then highlight the 
yes [option before] saying “yes” and then highlight no... 
Three separate buttons [for each option] would make it 
more difficult for somebody with a LD.” In addition to 
speech and text, the participants believe that imagery would 
help them to understand the more complex symptoms.  This 
was also true for representing the function of buttons, as 
described by P1.2: “See thinking about it the guy with the 
speech bubble would probably be better cause that’s saying 
that it [audio button] can read it for you.”  
Requirement 
Personal profiles must be facilitated to enable features such 
as saving symptoms in a patient history. (*) 
The application should initially determine whether the 
patient has a problem with a body part or some other 
common condition e.g. diabetes. (*) 
Question sets should form a hierarchy with selected 
symptoms leading to relevant sub-symptoms. (*) 
Patients may select more than one option at a time. Selected 
options should be highlighted to distinguish them from 
those unselected. (*) 
Patient’s should have the option to show where their pain is 
by tapping on an image of the body. (*) 
A maximum of 4-6 options should be presented at any one 
time. (*) 
The language embedded within should follow accessibility 
guidelines. Medical jargon should be avoided where 
possible. (*) 
Audio playback of text should be supported within all 
pages. (*) 
Images should be included to enhance an individual’s 
understanding of a medical condition, as well as an 
embedded button’s functionality. (*) 
An accessible list of the symptoms selected should be 
displayed on completion of the questionnaire. (*) 
Left (back) and right (forward) arrows should be used to 
navigate from a page. (*) 
Patients should be able to view the details of upcoming 
appointments. (2) 
Users should be able to view public transport routes to local 
services. (3) 
The app may be used to manage a list of medication being 
taken by the user. (3) 
Selected symptoms should be saved for future use.  The 
ability to print these results must also be offered. (2) 
Color can group logically related items together. (3) 
Scrolling should be avoided if possible. (1) 
The app should provide access to the user’s patient passport 
if available. (3) 
Table 2. Features to be included in medical AAC applications 
for patients with mild ID. * indicates that all workshops 
discussed the requirement with 1, 2 and 3 used otherwise. 
Task 4 – Digital Prototype 
In the final task, the participants were required to select 
symptoms via a digital prototype developed using the 
requirements discussed in [14, 15]. Fig. 3 shows the main 
page layout embedded within this prototype, which follows 
a similar hierarchical procedure described previously.  The 
feedback received during this process will now be discussed 
and is summed up in Table 3. 
 
Tutorial Screen 
Despite the symptom selection process being similar to that 
identified in the previous task, workshops 2 and 3 were 
initially unable to grasp the concept of the questionnaire 
hierarchy. Once it was explained that answering yes to a 
primary question would lead to its sub-questionnaire being 
presented, the participants were able to progress through the 
application without support. As such, multiple participants 
suggested that it would be necessary to include a tutorial to 
enable users to familiarize themselves with the app: P3.2.  
“That [the questionnaire hierarchy] I think you would have 
to like explain a little bit beforehand because that was a bit 
confusing there until you got to that point.” 
Customizing Features 
Yellow was utilized as the primary background color to 
accommodate for users who experience dyslexia [39]. 
Nevertheless, the participants felt that a range of colors may 
be more appropriate for other medical conditions or to 
simply meet individual preferences. As such, they requested 
the ability to customize the color schemes employed.  P3.2 
also felt that it may be advantageous to customize the voice 
used to play back text to a more local dialect.   
Finally, the lead author anticipated that the utilization of a 
single image set would lead to accessibility issues for users 
with ID.  Consequently, a feature was developed to allow 
an individual to switch between three styles of images and 
this was well received by all participants: P2.3: “I like the 
fact that you can change it. Some images aren’t as clear but 
then the other ones are a bit clearer, so if you are confused 
you can change the image and understand [it] better.” 
Usage of Results 
All participants felt that the app could improve 
communication by providing a building block of symptoms 
that may be elaborated on throughout the consultation.  This 
may also empower patients with limited verbal skills, as 
discussed by participant 2.3: “It sort of would be good to 
have something like that for, like, people who maybe aren’t 
as good at communicating, that can just point to it and have 
a limited conversation. Like for me I’m reasonably alright 
so therefore I can sort of explain reasonably well if I’m not 
well.  Whereas not everybody is like that so having this I 
think is a good idea cause then you’ve got the basics, so 
you just have to polish it up kind of thing.”  
One final approach to utilizing the captured results was 
discussed by the participants in workshop three. They 
suggested that sending the list of symptoms to the practice 
in advance of the consultation could assist in overcoming 
the various access barriers introduced previously: P3.2: “If 
you could scan that result and send it to your GP and they 
said, “oh you don’t need to come in cause it’s [not 
serious].” So it would also make it beneficial to the actual 
service of the thing because you don’t actually want to go 
unless you have to.”  This process would enable the 
practice to arrange an appointment date relative to the 
seriousness of the symptoms selected.  Consequently, they 
may also be able to free up consultation times by 
forwarding on patients with less serious illnesses (e.g. a 
normal headache) to other services such as a pharmacy.  
Requirement 
Users have access to a tutorial on how the app works. (*) 
Users can switch between different image sets. (*) 
Users can customize the color schemes employed. (*) 
Users can customize the style of voice played back. (3) 
Results should be sent to the practice in advance of the 
consultation to ensure appointments are made within a 
suitable timeframe. (3) 
Table 3. Further features identified by the participants when 
completing task four.   
DISCUSSION 
Many of the barriers identified in task one feature heavily 
throughout the literature published in the last two decades.  
For example, time constraints and the lack of adjustments 
being made to the consultation techniques used by GPs 
were discussed in [8, 9, 40]. This suggests that despite 
major advancements being made in the past, there is still a 
way to go to ensure the equal treatment of patients with ID.  
Technology has a major role to play but cannot solve all the 
barriers previously discussed without wholesale changes 
being made to the social culture and processes contained 
within the healthcare system. Trollor et al. [3] demonstrated 
this when examining the depth of ID training received by 
medical students in Australia. They found that the students 
received just 2.55 hours of compulsory training and the 
elective courses available varied markedly in both quality 
and length. As such, Trollor et al. concluded that there is “a 
mismatch between the considerable unmet health needs of 
people with intellectual disability and the inconsistent 
teaching within medical schools” [3]. This may be partly 
responsible for the low levels of confidence reported by 
medical professionals [4, 41] when treating people with ID.  
 
Fig 3. Primary Screen included in the prototype. 
 
One aspect of the consultation process that may 
immediately benefit from the use of technology is 
communication – particularly when our findings show that 
AAC devices are vastly underused in this context.  We have 
provided guidance on how to develop these technologies by 
extracting design requirements from end users.  Some of the 
lessons learned during this process, may also assist in 
increasing the accessibility of healthcare services for other 
populations who experience communication impairments. 
Overcoming Access Barriers 
The bulk of the literature investigating the use of AAC in 
healthcare [12–15, 18, 20] has overlooked the barriers 
people with ID face when accessing such services e.g. [5, 6, 
9].  Nevertheless, the end users involved in our study felt 
that the proposed app could alleviate access barriers in two 
main ways.  First, it can support people with ID in 
identifying the most appropriate service to meet their 
medical needs, along with public transport routes to attend 
this service.  Second, the participants believed that the app 
could assist them in being treated in a timely manner.  This 
may be achieved by sending a list of symptoms to a practice 
in advance of the consultation, to enable an appointment to 
be made in a time period relative to the seriousness of the 
symptoms.   
Providing the Patient’s Accessibility & Medical Needs  
Technology may support medical professionals in 
administering person-centered care by providing them with 
information regarding the needs and skills of the patient 
[12, 13, 18].  P3.2 agreed with this and requested that an 
individual’s patient passport be integrated with the app 
where available.  Nonetheless, the participants also 
suggested that allowing the GP to have access to a list of 
pre-selected symptoms could have significant benefits to 
the consultation, therefore agreeing with the experts 
involved in [14–16].  This should be facilitated by an 
accessible questionnaire that first extracts the primary 
symptom experienced by the user, before exploring further 
symptoms related to that condition. Such a structure enables 
the questionnaire to incorporate a wide range of conditions, 
whilst remaining succinct enough to accommodate for short 
attention spans [38].  In addition, the questions embedded 
within should be based on the health demographics of the 
ID population, meaning the app has the potential to identify 
conditions commonly overlooked by GPs.  The results will 
be used as a referent throughout the consultation and enable 
GPs to concentrate on areas of interest for longer, thus 
alleviating any time constraints present. 
Customization 
A one size fits all approach is simply inappropriate to cater 
to the wide range of abilities within the ID population.  
Potential areas for customization identified by the 
participants with ID therefore included the interaction 
modalities, background color, and artificial voice 
employed, which matched the findings of the experts in [14, 
15].  Additionally, the end users requested the ability to 
switch between multiple styles of image sets used to display 
potential medical conditions, like that in [13]. 
Identifiable Medical Imagery  
Finally, a variety of factors have been identified that affect 
the clarity of medical images - a resource shown to be 
crucial to the utilization of AAC technologies [14, 15, 23]. 
Some of these factors matched the findings made by Medhi 
et al. [42] when exploring text free interfaces. Both sets of 
participants gravitated towards the more real looking 
photographs. In addition, color was used to convey and 
distinguish between complex concepts (e.g. type of pain). 
Other factors that increased the clarity of medical images, 
included: displaying the extremity of emotions; capturing 
the natural body language conveyed by an individual; and 
avoiding overly graphic images  
LIMITATIONS & FUTURE WORK 
The primary limitation of this study involves the 
demographics of the participants with mild ID.  9 of the 10 
individuals came from, and attended consultations in, major 
cities that operate within a single healthcare system.  
Consequently, there is scope to explore the needs of rural 
patients and those from other countries, since their 
requirements may be significantly different.  Further 
opportunities for future work include: building on the 
requirements extracted from the GPs in [14, 15] to further 
explore their communication and technological needs; 
designing an image set to be included in the app; and 
evaluating a concrete probe within the primary care context. 
CONCLUSION 
AAC technologies have the potential to assist people with 
mild ID throughout all aspects of life, yet our findings show 
their use remains limited within the clinical context. Just 
one of the ten participants regularly utilized an aid (patient 
passport) during consultations, despite the call for the 
embedment of high-tech AAC devices being made as far 
back as 1997 [43]. One reason for this may be the lack of 
guidelines to assist developers in creating such 
technologies. The authors could only identify those 
disseminated by Gibson et al. [14–16] yet their studies 
suffered from a lack of end-user involvement.  
Consequently, we extracted design requirements for a 
clinical AAC application from ten people with mild ID. The 
participants believe that the aid can assist in mitigating 
barriers across the entire consultation process, beginning 
with reserving and accessing appointments.  The primary 
method of promoting communication aligned with the 
views of the experts in [14–16], by supplying GPs with 
symptoms selected from an accessible questionnaire.  This 
questionnaire should adapt to both the user’s accessibility 
and medical needs and utilize evidence on the health trends 
experienced by people with ID.  As such, commonly 
overlooked conditions may also be brought to the attention 
of the GP and potential time constraints may be alleviated.     
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